Abstract-As Recommender Systems are becoming very common and widespread, there is an increasing need to evaluate their characteristics such as accuracy, diversity, scalability etc. One of the most fruitful ways to do this is by using public datasets with explicit user feedback about the items. In this paper we present and describe more than 20 available datasets covering different domains such as movies, books, music etc. Each dataset is described over a number of attributes such as size, domain, format of the data, type of access. Unfortunately we did not find any information about the quality of the data contained, that remains an open issue. We also refer to examples from the literature about using the datasets to evaluate recommendation algorithms or solutions. Overall aim of the paper is to offer a convenient resource for finding and selecting datasets as a support for the empirical evaluation of recommendation algorithms and techniques.
I. INTRODUCTION
Recommender Systems (RS) are now being used to recommend any kind of product or service such as movies, books, music, food, software etc. Evaluating a recommender system with respect to different quality criteria such as accuracy, diversity or novelty is a very important step. One way to do that is by running public user evaluation campaigns based on questionnaires which provide rich feedback but are often heavy to process. It is also difficult to find a significant number of feedback providers. Another very common technique is based in using public datasets with real user feedback information. In this paper we describe some of the most common public datasets available for research in RS. These datasets can be used to compare the newly developed algorithms with the existing ones in given settings. In such datasets a representation of implicit or explicit feedback from the users regarding the candidate items is stored in order to allow the RS to produce a recommendation. The feedback is in different forms. In many cases it can be ratings or votes upon the items. The user-rating matrix used in collaborative filtering is a well-known example. In this case the evaluation consists in comparing the predicted ratings with the real ones. In case of content-based or other RS types it can be item reviews or simple tags (keywords) that users provide for items.
The public datasets are usually made available by university research groups or similar institutions. In many cases they also publish their own results obtained using the datasets. The aim of this paper is to describe the main characteristics of the datasets and provide examples of using them, which can be helpful to the many researchers who are currently working in the field of RS. We present 26 datasets, 20 of which are public and active whereas 6 are retired or restricted. They come from different domains and have various characteristics. Eight are used for movies, 5 for books, articles or other learning materials, 4 for music, 3 for food or healthcare and 6 from other domains. We also provide examples of using the datasets in different contexts and for different purposes extracted from the literature. More specific and technical details about how to use the datasets for recommendation evaluations can be found at [1] . The rest of this paper is structured as follows: In section II we describe the active datasets with respect to the domains they pertain. In section III we describe the restricted or retired datasets. In section IV we conclude by making a quantitative discussion.
II. AVAILABLE DATASETS
The datasets were found as part of a systematic literature review on RS we are conducting. This paper is actually byproduct of the systematic review in which we address different research questions 978-1-4673-8167-3/15/$31.00 ©2015 IEEE that have to do with the construction and evaluation of RS. We searched in SpringerLink, ScienceDirect, IEEExplore and ACM using keywords like "Evaluating Recommender Systems", "Public Datasets for Recommender Systems" etc. In Table 1 we summarize some basic characteristics of the 26 datasets we present. In 'Size' column we give the number of users, number of items managed and number of ratings (in some cases reviews or tags). The 'Collected' column contains the period when the dataset was started or the release date in some cases. In the 'Status' column we show the current status of the dataset and the usage conditions/constrains. Most of the datasets are "Active" (in the sense that they are freely available and usually updated). Some of the datasets can be obtained upon request to the owner/maintainer (denoted as "Request"). Most of the datasets can be used for any non-commercial purpose. Some datasets (denoted as "Academic") can be used for research purposes only. In the 'Format' column the data format is given.
A. Movies
MovieLens. This is one of the most used datasets for algorithms evaluation in the community of Recommender System Research. The dataset was collected and made available by GroupLens Research, a research lab in the department of computer science, University of Minnesota. There are four stable versions of the dataset which vary in size and release date ( MovieTwittings. This is a very recent movie dataset which collects the ratings from user twits. It is composed of 2 files which contain the movies and the ratings respectively. Unlike MovieLens and other filtered datasets which contain only users with a minimum number (i. Movie Review Dataset. This dataset was created by researchers at Cornell University and includes subjective movie reviews. There are actually 3 datasets: Sentiment polarity, Sentiment scale and Subjectivity dataset. The Sentiment polarity dataset is a collection of 1000 positive and 1000 negative movie reviews. The Sentiment scale dataset is a collection of four subjective review sets (with 1770, 902, 1307 and 1027 movie reviews each) which can be used to infer ratings. The Subjectivity dataset is a collection of 5000 subjective and 5000 objective movie review sentences. The datasets were released in June 2004 the first and the third and July 2005 the second. All the data are in Txt format. These datasets are very suitable to evaluate Machine Learning, Natural Language Processing or Text Processing algorithms/techniques used for ratings or recommendations. The authors use the Sentiment scale dataset in [6] to evaluate their algorithm that addresses the rating-inference problem. They also use the first and third datasets in [7] to train and evaluate the Naive Bayes and SVM text categorizers they use to determine the sentiment polarity of the subjective users' reviews. The datasets are publicly available for non-commercial use. More info about the datasets and the download links can be found at [8] .
Rotten Tomatoes. This is a highly viewed movie review website with a rich movie dataset. A subset of its dataset can be freely downloaded from [9] . It is comprised of tab separated textual movie review phrases from the original Rotten Tomato dataset. The dataset contains 222352 reviews about 11855 movies. There is a train/test split of the dataset to make it more suitable for benchmarking algorithms. The structure of the dataset makes it very suitable for sentiment analysis and machine learning research and benchmarking.
The movie domain is obviously the most preferred for recommender systems research. This is partly because there are many public and rich datasets (apart from the 5 above, we describe 3 other restricted/retired movie datasets in the next section) with explicit user feedback (movie ratings). The regular structure and contents of these datasets makes them very suitable for evaluating different versions of Collaborative Filtering or hybrid recommendation algorithms. MovieLens is probably the most used dataset for research purposes.
B. Music
Last.fm. This is a subset of last.fm website music dataset, one of the most important in the domain of music. There are actually two versions of the dataset: Last.fm-360k which includes the top artists of 360k users and Last.fm-1k which includes the full listening history of 1k users. The datasets contain information about 69420 and 107373 artists respectively. They also contain information about track preferences of the users and some attributes of every user. This dataset is suitable for content-based or hybrid algorithms evaluation. All the data is stored in tab separated textual values. The dataset can be freely downloaded from [10] for non-commercial use only. It is also required to reference last.fm website when using it.
Yahoo Music Ratings. This dataset contains music ratings supplied by users while browsing Yahoo  encouraging research on algorithms that scale to commercial sizes  providing a reference dataset for evaluating algorithms by using the audio features  being a shortcut alternative for creating a large dataset with the Echo Nest's API  helping new researchers get started in the MIR field, develop music recommendations and study music similarity.
A large dataset helps to reveal problems with algorithms scaling and discover rare phenomena or patterns that may not be discoverable in small datasets. The dataset contains 1M songs/files, 44745 unique artists, 7643 unique terms (Echo Nest tags) and 2321 unique tags (more detail at [12] ). The data is stored in HDF5 format. Its size and the many music features (i.e. pitches, timbre, loudness etc.) it contains make MSD very suitable to evaluate content-based or hybrid recommendation algorithms. The dataset can be downloaded from [13] for noncommercial use (be aware that the download size is about 300 GB).
For a long time Music Information Retrieval (MIR) research has suffered the lack of publically available and large-scale open data for personalized music recommendations, mainly because of the privacy and intellectual property concerns. Things seem to have changed with the partial release of last.fm data (march 2010) and the publication of MSD (march 2011). These datasets are a very good source for evaluating different kinds of content-based or hybrid algorithms. The publication of MSD and also the MSD challenge [14] are hoped to greatly facilitate the academic research in MIR. Mendely dataset can be used for research on TEL recommender systems as it provides the possibility to extract users' interests in articles, identify users who share common interests etc. It was actually used at [18] to provide data about library readership, library start and article tags and experiment with user-based and item-based collaborative filtering algorithms for TEL. It can be suitable to evaluate different kind of recommendation algorithms like content-based, hybrid, etc.
C. Learning Materials
Research and learning materials is another domain where Recommender Systems have gained significant applicability. As in the other domains, having publically available sources of data appropriate for development and evaluation of novel recommendation solutions is indispensable. For this reason the dataTEL Theme Team of the STELLAR Network of Excellence lunched the the first dataTEL Challange [15] which is a call to research groups to submit datasets from Technology Enhanced Learning applications.
Mendely's Data

Apostle-DS.
This dataset originates from the APOSDLE EU project which is an adaptive workintegrated learning system aiming to improve knowledge worker productivity by supporting learning situations within everyday work tasks. It recommends resources (documents, videos, links) and knowledgeable persons (colleagues) based on the user's current context. The data have been collected from August 2009 till December 2009. The dataset captures 1500 user activities of 6 users during a period of 3 months. The activities captured are task performing, resource viewing, annotation editing, learning goal selection, adding resource to collection, contacting person, browsing data etc.
The dataset is downloadable upon request from [17] for non-commercial use only. The dataset was used at [18] to evaluate item-based and user-based collaborative filtering algorithms. This dataset provides data on the learning goal of the learner when s/he is performing a task. Such data is useful to improve similarity measures between users and to find users who share similar goals. Improving the recommendations of relevant learning resources is one of the best purposes this dataset can be used for. 
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D. Food and Healthcare
Organic.Edunet. Organic.Edunet is a European initiative program that aims to facilitate access and exploitation of educational content related to Organic Agriculture. Part of the initiative is also the deployment of a learning repository (dataset) which provides access to more than 10500 learning resources from 11 institutional repositories. The dataset was collected from Jan. 2010 till Sep. 2010. It includes information about 345 tags, 250 ratings and 325 textual reviews that users have provided. The ratings are collected upon three different criteria: the usefulness of a learning resource, the relevance of the organic thematic and quality of the metadata. This makes it appropriate to evaluate multi-criteria recommender systems. The data are available in Rdf or Txt format and can be downloaded from [24] for non-commercial use only.
Chicago Entree. This dataset contains recorded interactions with Entree Chicago restaurant recommendation system from September 1996 to April 1999. The system recommends restaurants to the user based on factors such as cuisine, price, style, atmosphere, etc. The user can then provide feedback such as find a nicer or less expensive restaurant. The data is in Txt format and organized into files in which each line represents a session of user interaction with the system. The (tab-separated) fields are as follows:
Date, IP, EntryPoint, R1, R2, ..., RN, EndPoint R1, R2, ... RN are the rates of the rated restaurants. The dataset can be download from [25] for noncommercial use. It is suitable for research in Knowledge based and Case-based Recommender Systems. The dataset and the Chicago Entree Knowledge-based Recommender System are described by the author at [26] . He has also used the dataset in [27] to built a domain-independent Casebased Recommender System for on-line information access. 
E. Other Domains
There are also some available datasets which are domain independent (contain different categories of objects) or used in less common application domains of Recommender Systems. Their usage is not limited only to Recommender Systems but also to other classes of Data Mining or information filtering applications.
Libimseti.cz. This is a dating dataset collected by Charles University using libimseti.cz dating forum. There are two Txt files which contain gender information of 135359 users and their 17359346 anonymous ratings of each-other profiles. 
III. RETIRED OR RESTRICTED DATASETS
In this section we describe some other datasets which have been retired or which are still active bur are private and cannot be used even for research purposes.
IMDB.
It is probably the largest movie collection with more than 3M movies and 60M registered users. A subset of the plain text data files is available for download [37] . Nevertheless the public use is restricted.
EachMovie. This movie recommender was run by HP Research and had a rich dataset collection. When EachMovie was shut down, the dataset was available to the public for use in research. MovieLens was originally based on this dataset. The dataset has been used by many researchers and referenced in different publications. It was retired by HP in October 2004 and it is no longer available for download.
NetFlix. This dataset was used to support the participating teams of the Netflix Price. MACE. This dataset originates from the MACE project and is another dataset submitted to dataTEL challenge. It provides access to 150k learning resources in architecture. More than 12k of these resources have been accessed by registered users. They hold together about 47k tags, 12k classification terms and many other actions performed by the users such as viewing and downloading. Unfortunately the dataset is restricted to public use.
WikiLens. This was a generalized collaborative recommender system that allowed its community to define item types (e.g. beer) and categories (e.g. microbrews, pale ales, stouts), and then rate and get recommendations for items. It is no longer active but a dump of the data of February 2008 can be still downloaded at [41] . It is in Txt format and can be used to evaluate Collaborative Filtering algorithms of different items.
IV. DISCUSSION
In this paper we presented 26 public datasets that can be used to build and/or evaluate Recommender Systems. Our goal is not to make an exhaustive review of all the available datasets. We focused only in the presentation and characterization of the most widely used dataset that Recommender System researchers can use for empirical analysis or evaluation of their algorithms and methods. Most of the datasets contain information about popular items such as movies, music, books etc. However there are also public datasets of less common items such as jokes, restaurants etc. The collection period of the datasets ranges from 1996 (Chicago Entree) to 2013 (MovieTwittings). In some cases this period is several years long whereas in other cases it is short and only the release date is provided. The data are mostly provided as tab separated textual values but there are also other data formats such as Sql, Csv or Mdb.
Most of the datasets contain explicit ratings of the users about the items. This makes them very appropriate for experimenting with Collaborative Filtering algorithms, and user similarity measures. There are also datasets (i.e. music and books) rich of item features and appropriate for content-based algorithms. A couple of datasets contain subjective user reviews of the items. They can be used for different purposes like user profile building, sentiment analysis and machine learning natural language processing or text processing and categorization algorithms or techniques.
Some of the datasets are continuously updated and can be freely downloaded for non-commercial use. Some others are active and available for the public use but can be downloaded only upon submitting a request to the owner/maintainer. Few datasets are restricted to academic use only. There are also some datasets that are not being updated any longer or that are restricted, retired or merged with others. It is important to note that it was not possible for us to find or perform any data quality assessment of the described datasets. Researchers willing to use any of the datasets should first check if the available data meet their research requirements.
